Strain GD1
Introduction
The gut microbiota is an important part of the Human Microbiome Project. Indeed, 53% of cultivated bacterial species from human are isolated from the gut [1] , and 80% of gut phylotypes found using the metagenomic method, which are mainly anaerobic strains [2] , are not yet cultivated [3] . Those phylotypes belong especially to Firmicutes and Proteobacteria. The culturomics project consists in the use of many different culture methods to cultivate the most bacterial species possible from a single plurimicrobial sample-notably the use of multiple anaerobic conditions [4] . With the aim of cultivating the most anaerobic species possible from human stool, we used culturomics methods to study the fresh stool of a healthy French person.
The new genus we propose here is close to Ruminococcus torques, according to 16S rRNA phylogenetic analysis, part of Clostridiales order in Firmicutes phylum, which was separated to a different clade according to 16S rRNA analysis [5] . Cluster XIV notably contains Ruminococcus, Coprococcus and Blautia genera. Ruminococcus was first described from rumen fluid. Human infections caused by these bacteria have been reported [6] [7] [8] [9] .
We propose the novel genus and species Drancourtella massiliensis for a strain isolated from the fresh stool of a healthy French person, which is phylogenetically close to Ruminococcus torques. Type strain is GD1 T (= CSUR P1506 = DSM 100357).
Material and Methods
Ethics approval and sample collection After receiving signed informed consent, approved by the Institut Fédératif de Recherche 48 (Faculty of Medicine, Marseille, France) under agreement 09-022, a stool specimen was collected at La Timone Hospital Marseille (France) in January 2015. The specimen was from a healthy French man (body mass index 23.2 kg/m
Isolation and growth conditions of strain
The stool specimen was incubated at 37°C into an anaerobic blood bottle Bactec Lytic/10 Anaerobic/F (Becton Dickinson, Le Pont de Claix, France) supplemented with 5% sheep's blood, after a thermal shock of 20 minutes at 80°C. Then dilution cultures were performed, and characterization of growth conditions was tested as previously described [10] . Finally, sporulation, different pH levels and NaCl concentrations were tested in the agar plate under the best culture conditions [11] .
Strain identification
Identification of colonies was performed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF) Microflex spectrometer (Bruker Daltonics, Leipzig, Germany) as previously described, and the spectrum was compared with our database (which includes the Bruker database and our own collection) [10, 12] . In case of nonidentification, i.e. if the spectrum did not find a match in the database (score <1.7), we proceeded to spectrum verification. If the spectrum was without background noise, and after exclusion of culture contamination, 16S rRNA was sequenced as previously described [10] . In case of a sequence similarity value lower than 96%, the species is considered to be a new genera without performing DNA-DNA hybridization, as suggested by Stackebrandt and Ebers [13] .
Morphologic and biochemical characterization
Morphologic characterization was first performed by observation of Gram staining and motility of the fresh sample. Negative staining was then performed using bacteria fixed with 2.5% glutaraldehyde, deposited on carbon formvar film and then incubated for 1 second on ammonium molybdate 1%, dried on blotting paper and finally observed using a TECNAI G20 transmission electron microscope (FEI, Limeil-Brevannes, France) at an operating voltage of 200 keV. Biochemical features, such as oxidase, catalase, API 50CH, 20A and ZYM strips (bioMérieux, Marcy l'Étoile, France), were investigated according to the manufacturer's instructions. Cellular fatty acids were analysed from two samples prepared with approximately 10 mg of bacterial biomass each collected from several culture plates. Fatty acid methyl esters were prepared as described [14] and gas chromatography mass spectrometry (GC/MS) analyses were carried out as described previously [15] .
Antibiotic susceptibility Antibiotic susceptibility was tested with the diffusion method according to the CASFM/EUCAST 2015 recommendations for fastidious anaerobes (http://www.sfm-microbiologie.org/ UserFiles/files/casfm/CASFM_EUCAST_V1_2015.pdf) using a suspension of 1 McFarland on Wilkins Chalgren agar (Sigma using a bacterial dilution with a turbidity equivalent to the McFarland 1.0 standard. Wilkins Chalgren agar (Sigma, Aldrich, Steinheim, Germany) supplemented with 5% sheep blood was used for the experiment.. Incubations were done in anaerobic conditions at 37°C, and reading was done at 48 hours using the Sirscan system (i2a, Montpellier, France) and eye controlled.
Genome sequencing, annotation and comparison DNA extraction, in view of whole-genome sequencing, consisted of growing the species on Columbia agar supplemented with 5% sheep's blood (bioMérieux) at 37°C in an anaerobic atmosphere. Bacteria grown on three petri dishes were collected and resuspended in 4 × 100 μL Tris-EDTA (TE) buffer. Then 200 μL of this suspension was diluted in 1 mL TE buffer for lysis treatment that included a 30-minute incubation with 2.5 μg/μL lysozyme at 37°C, followed by an overnight incubation with 20 μg/μL proteinase K at 37°C [16] . As previously described [10, 15, 17] , our genomic platform uses a protocol including proteinase K incubated overnight in order to digest contaminating proteins. Extracted DNA was then purified using three successive phenol-chloroform extractions and ethanol precipitations at −20°C overnight. After centrifugation, the DNA was resuspended in 160 μL TE buffer. The whole genome was then sequenced using the MiSeq Technology (Illumina, San Diego, CA, USA) with the mate-pair strategy as previously described [17] . Open reading frames (ORFs) were predicted using Prodigal [18] with default parameters, but the predicted ORFs were excluded if they were spanning a sequencing gap region (contain N). The predicted bacterial protein sequences were searched against the Clusters of Orthologous Groups (COGs) database using BLASTP (E value 1e-03, coverage 0.7 and identity percentage 30%). If no hit was found, a search was performed against the NR database using BLASTP with an E value of 1e-03, coverage 0.7 and identity percentage of 30%, If the sequence lengths were smaller than 80 aa, we used an E value of 1e-05. The tRNAScanSE tool [19] was used to find tRNA genes, whereas ribosomal RNAs were found by using RNAmmer [20] . Lipoprotein signal peptides and the number of transmembrane helices were predicted using Phobius [21] . ORFans, sequences that did not blast in the BLASTP program to a known sequence, have been defined by sequences with an E value smaller than 1e-3 in case of a sequence length higher than 80 aa, and an E value smaller than 1e-5 in case of a sequence length smaller than 80 aa. Such parameter thresholds have already been used in previous works to define ORFans [22] . For each selected genome, the complete genome sequence, proteome genome sequence and Orfeome genome sequence were retrieved from the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/news/ 08-26-2014-new-genomes-FTP-live/). All proteomes were analysed with proteinOrtho [23] . Then for each couple of genomes a similarity score was computed. This score is the mean value of nucleotide similarity between all couples of orthologues between the two genomes studied (AGIOS) [24] . An annotation of the entire proteome was performed to define the distribution of the functional classes of predicted genes according to the COGs of proteins (using the same method as for the genome annotation). Annotation and comparison processes were performed in the Multi-Agent software system DAG-OBAH [25] , which include Figenix libraries [26] that provide pipeline analysis.
Results

Classification and features
Type strain GD1
T was first isolated after 10 days' anaerobic incubation of the stool sample in the presence of sheep's blood, after thermal shock, and then cultivated on Columbia agar supplemented with 5% sheep's blood under anaerobic conditions. MALDI-TOF spectrum of GD1 T did not match anything in our database or Brucker's database, even though there was no background noise ( Figs. 1 and 2 ). 16S sequencing of the subunit of rRNA shows complete sequence of 1476 pb, with nucleotide BLAST results indicating Ruminococcus torques JCM6553 as the most closely cultured species, at 93.8% (Fig. 3) . This result allowed us to define a new genus according to the thresholds delimited by Stackebrandt and Ebers [13] . The GD1 T 16S rRNA accession number from the EBI Sequence
Database is LN828944. A gel view was performed in order to observe the spectra differences of Drancourtella massiliensis with other close bacteria (Fig. 2) . Tested culture conditions have identified optimal growth at 37°C after 48 hours under anaerobic conditions, but a little growth appeared in microaerophilic conditions, suggesting a relative oxygen tolerance. The pH range for growth is 6.5 to 7.0, and NaCl concentration needs to be lower than 10 g/L. The GD1
T strain appears to be approximately 2 mm in size, homogeneous, translucent and smooth, nonhemolytic, nonmotile, with spore-forming activity colonies. Gram colouration was
Reference mass spectrum from Drancourtella massiliensis strain GD1 T . Spectra from 12 individual colonies were compared and reference spectrum generated.
positive, and bacteria demonstrated a bacilli aspect under the microscope (Fig. 4) . Electronic microscopy revealed small rods about 500 nm in size (Fig. 5 ). Classification and principal phenotypic features are listed in Table 1 . Catalase and oxidase production reactions were negatives. Using an API 50CH strip, positive reactions were observed for D-ribose, methyl-αD-glucopyranoside and D-turanose and for potassium 5-ketogluconate. Negative reactions were observed for all others. Using an API 20A strip, all reactions were negative. Using an API ZYM strip, reactions were positive for leucine arylamidase, valine arylamidase, cysteine arylamidase, naphthol-AS-BI-phosphohydrolase, β-galactosidase and N-acetyl-β-glucosaminidase and were negative for others. The differences of characteristics compared with other representatives of the family Ruminococcaceae are detailed in Table 2 . The major fatty acids detected (16:0 and 14:0) are saturated species. The GC/MS results indicated lower amounts of unsaturated acids and other saturated compounds (Table 3) .
Concerning susceptibility on β-lactam, the GD1 T strain was susceptible to amoxicillin, ticarcillin, cefepime, vancomycin, teicoplanin and linezolid but resistant to ceftriaxone and ceftazidime. Concerning aminoglycoside antibiotics, cells were susceptible to gentamicin and resistant to tobramycin and amikacin. GD1 T strain was resistant to sulfamethoxazole, aztreonam, ciprofloxacin and ofloxacin, and susceptible to imipenem, fosfomycin, clindamycin, metronidazole, rifampicin and colistin.
Genomic characterization and comparison
The genome is 3 057 334 bp long with 45.24% G + C content (Table 4) . It is composed of seven scaffolds (composed of seven contigs). On the 2925 predicted genes, 2861 were protein-coding genes, and 64 were RNAs (two genes are 5S rRNA, two genes are 16S rRNA, three genes are 23S rRNA and 57 genes are tRNA genes). A total of 1969 genes (68.82%) were assigned as putative function (by COGs or by NR BLAST). Seventy-eight genes (2.73%) were identified as ORFans. The remaining genes (703 genes, 24.57%) were annotated as hypothetical proteins. demonstrate that the distribution of genes into COGs categories was similar in all compared genomes. To evaluate the genomic similarity among the studied strains, we determined two parameters, digital DNA-DNA hybridization (dDDH), which exhibits a high correlation with DDH (Table 6 ) [27, 28] , and AGIOS (Table 7 ) [24] , which was designed to be independent from DDH. Drancourtella massiliensis shared 1235, 922, 1082, 1202 and 1266 orthologous proteins with Dorea formicigenerans, Eubacterium ventriosum, Coprococcus comes, Ruminococcus gnavus and Clostridium scindens respectively (Table 7) . 
Human gut Human gut Human gut Human gut +, positive result; −, negative result; v, variable result; w, weakly positive result; NA, data not available. Total is based on total number of protein-coding genes in annotated genome.
Conclusion
Anaerobic conditions of culturomics have permitted the culture of the first strain of the new genus Drancourtella. Taxogenomics studies confirmed this species to be Drancourtella massiliensis gen. nov., sp. nov.
Taxonomic and nomenclatural proposals
Description of Drancourtella gen. nov. The Drancourtella (dran.cour.tel'la, N.L. gen. fem.) name was chosen in honor of the French microbiologist Michel Drancourt (Université de la Méditerranée, Marseille, France).
Gram-positive bacilli. Spore forming and nonmotile. Drancourtella massiliensis is anaerobic. Oxidase and catalase negative. Indole negative, nitrate reductase negative. Habitat is the human gut. Type species is Drancourtella massiliensis.
Description of Drancourtella massiliensis gen. nov., sp. nov. Drancourtella massiliensis (ma.si.li.en'sis, L. fem. adj. Massiliensis, from Latin Massilia, the city where the bacteria was isolated, Marseille).
D. massiliensis strain GD1 T (= CSUR P1506 = DSM 100357) presented as translucent colonies 2 mm in diameter, isolated from the human stool of a healthy French person. Bacteria appeared as Gram-positive bacilli 0.5 μm long. Metabolism was strictly anaerobic, and growth was optimal at 37°C. D. massiliensis was spore forming and nonmotile. DDH, DNA-DNA hybridization; GGDC, Genome-to-Genome Distance Calculator; HSP, high-scoring segment pairs. a Confidence intervals indicate inherent uncertainty in estimating DDH values from intergenomic distances based on models derived from empirical test data sets (which are always limited in size). These results are in accordance with 16S rRNA (Fig. 3) and phylogenomic analyses as well as GGDC results. This strain exhibited a G + C content of 45.24%. Its 16S rRNA sequence was deposited in GenBank under accession number LN828944, and the whole genome shotgun sequence was deposited in GenBank under accession number CVPG00000000. The type strain GD1T (= CSUR P1506 = DSM 100357) was isolated from the fecal flora of a healthy patient in France.
